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ABSTRACT 

The  connecting  rods  designed  recently  are  made  from  cast  iron  and  carbon  steely  which  possess  less  tensile 
strength ,  toughness  and  durability.  To  improve  such  concern ,  this  work  aims  in  designing  and  analyzing  the  connecting 
rod  with  suitable  dimensions  over  the  crank  end  and  piston  end  to  be  fitted  in  the  two  wheeler  engine.  The  resultant  ma¬ 
terial  is  tested  under  four  cases  with  various  materiahy  namely ,  Aluminium  alloys  and  AISI  High  Tensile  Steel  4340. 
Finite  element  analysis  is  carried  out  with  the  constructed  material  to  test  its  tensile  strength ,  stiffness  and  weight  under 
various  loads.  In  addition  to  this ,  the  stress  and  strain  measurement  is  considered  to  prove  its  reliability.  All  the  test  re¬ 
sults  show  that  the  proposed  material  is  reliable  in  terms  of  the  material  under  different  test  cases. 
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1.  INTRODUCTION 

The  objective  of  the  study  is  to  optimize  the  connecting  rods  with  various  designs  and  analysis  using  finite 
element  analysis  with  various  materials.  This  work  mainly  aims  to  reduce  the  stress  and  strain  undergone  by  the 
materials  used  in  connecting  rods.  This  work  provides  a  better  alternative  design  for  the  connecting  rods  in  the  two 
wheelers.  The  present  study  considers  the  Aluminum  alloy  and  AISI  High  Tensile  Steel  4340  material  for  testing 
the  designed  connecting  rod.  Yang  et  al.,  (1996)  optimized  the  shape  of  connecting  rod  using  an  approach  that  gets 
subjected  to  cycling  load.  This  includes  the  inertia  load  or  gas  load  in  the  form  of  one  extreme/peak  load  offered  to 
the  piston  assembly  mass  similar  to  the  other  extreme.  Montazersadgh  F.  H  et  al.,  (2007)  analysed  dynamically  the 
connecting  rod  and  the  finite  elemental  analysis  helped  in  identifying  the  critical  stress  location  in  the  connecting 
rod. 

Naga  Malleshwara  Rao  (2013)  followed  similar  principle  to  design  the  connecting  rod,  but  it  gets  designed 
with  four  different  materials:  Ti,  Al,  Genetic  steel  and  cast  iron. 

Pathade  et  al.,  (2012)  designed  connecting  rod  to  investigate  the  major  stress  associated  with  it.  This  stress 
is  considered  as  the  combination  of  the  bending  stress  and  axial  load.  The  connecting  rod  with  Al  and  steel  alloy  is 
analytically  designed  by  Tukaram  S  et  al.  (2013).  The  research  is  carried  out  to  find  the  differences  between  the 
weight  and  the  conmises  stress  between  the  materials.  The  optimization  to  improve  the  design  of  connecting  rods 
with  4  stroke  design  is  carried  to  with  two  different  materials  by  Marthanapalli  Hari  Priya  et  al.,  (2013).  Further 
analysis  is  carried  out  to  find  the  weight  and  cost  reduction  and  it  concludes  that  the  A1360  material  is  safe  in  terms 
of  its  stress  value  and  weight  reduction. 
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Vegi  and  Vegi,  (2013)  proposed  a  research  on  design  and  analysis  on  the  connecting  rod,  which  is  manufactured 
with  the  carbon  steel.  Shahrukh  Shamim,(2014)  investigated  the  similar  connecting  rod  for  similar  analysis,  however,  the 
material  used  for  the  rod  is  made  of  E-glass/  E-proxy  and  Aluminium  composite  reinforced  with  carbon  nano  tubes. 
Savanoor  et  al.  (2014)  used  two  different  A1  alloys  for  investigating  the  con-mises  stress  and  deformation  with  forged  steel. 
It  is  found  that  the  results  of  the  A15083  have  less  stress  and  weight  and  the  section  modulus  is  found  enough  that  reduces 
the  bending  stress  associated  with  inertia  force.  Similarly,  MohdNawajish  et  al.  (2015)  obtained  only  20%  weight  reduc¬ 
tion  with  fracture  split  able  steel  forged  material.  Agarwal  et  al.  (2015)  utilized  C  steel  or  AL  with  Be  and  Mg  alloy. 
The  results  conclude  that  the  Be  alloy  is  found  with  ultimate  strength  than  other  materials  and  it  possess  less  maximum 
displacement  and  the  vibration  is  found  to  be  minimum.  Finally,  a  comparative  study  (Mohd  Nawajish  et  al.  (2015))  be¬ 
tween  the  connecting  rods  of  various  materials  like  A1360,  Be  alloy  25,  Ti  alloy  is  taken  place  to  find  the  better  samples. 

The  origination  of  the  paper  is  as  follows:  Section  2  provides  the  calculations  required  to  construct  the  connecting 
rod.  Section  3  discusses  the  proposed  work  and  finite  element  analysis  is  carried  out  in  section  4.  Section  5  discusses  the 
results  and  section  6  concludes  the  entire  work. 

2.  PROPOSED  DESIGN 

The  proposed  study  involves  following  design  considerations.  Initially,  the  calculations  to  select  the  material  and 
its  properties  are  studied  based  on  the  design  calculations.  Then  the  connecting  rod  is  modeled  as  per  the  dimensions  calcu¬ 
lated  with  the  required  calculations.  Finite  element  analysis  is  carried  out  to  measure  the  effectiveness  of  the  proposed 
design  with  various  material  calculated  previously.  Then  the  results  are  consolidated  based  on  several  constraints,  which  is 
discussed  in  following  sections.  Finally,  the  results  are  compared  with  different  material  based  on  its  weight,  stiffness  and 
other  metrics,  the  dimension  of  the  connecting  rod  is  shown  in  Figure  1. 


Figure  1:  Connecting  Rod  Dimensions 


1.1.  Pressure  on  Connecting  Rod 

The  normal  pressure  (P0)  on  the  contact  surface  is  calculated  as:  P  =  P0  cos0.  The  tensile  load  on  the  contact  sur¬ 
face  is:  P0  =  Pt  /r  t  (7E/2)  and  the  compressive  load  is  P0  =  Pc  /  r  t  .  Here,  the  crank  angle,  0is  0°,  r  is  the  crank,  (rps)  or  pis¬ 
ton  end  (rcp)  radius  and  t  is  the  thickness  lps  and  lcp  connecting  rod.  The  axial  load  (Fg)  for  compression  (Pc)  and  the  tension 
(Pt)  load  is  5391  N. 
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2.2.  Thickness  of  Big  End  Cap 

Here,  the  thickness  is  measured  by  considering  the  cap  as  a  beam  structure,  which  is  freed  supported  at  its  centre. 
The  beam  is  now  loaded  with  the  inertial  force  at  the  dead  centre  at  its  top  on  the  surface  of  the  exhaust  stroke  i.e.  consi¬ 
dering  Fjif  0  is  0.  Here,  the  load  act  between  the  uniform  distributed  and  central  concentrated  load  and  the  bending  moment 
(maximum)  on  the  cap  is  considered  as  Mc  =  Fj  *  X/6,  Where,  X  is  considered  as  the  distance  between  center  of  the  load. 

Gb  =  Me  /  Zc 

Substituting  the  above  values  in  Gb,  120  =  (25085  x  6)/39.3  (tc)2;  where,  tc  =  5.6mm. 

Where,  tc  represents  the  cap  thickness,  bc  represents  the  cap  width  measured  in  mm,  which  is  equal  to  lcp  with  val¬ 
ue  39.3mm  and  Gbrepresents  the  bending  stress  of  the  cap  measured  in  MPa  and  the  value  is  assumed  as  120  MPa.  Similar¬ 
ly,  the  properties  of  various  materials  for  the  proposed  study  is  shown  in  table  2. 


Table  1:  Dimensions  of  Connecting  Rod 


Parameters 

Dimensions  in  6 mm’ 

Connecting  rod  -  Length 

116 

Crank  end  -  Inner  diameter 

46.02 

Crank  end  -  Outer  diameter 

56.55 

Piston  end  -  Inner  diameter 

16.75 

Piston  end  -  Outer  diameter 

22.11 

Bolt  diameter 

5 

Big  end  cap  -  Thickness 

5.6 

Table  2:  Loading  Conditions 


Compressive  Load 

Tensile  Load 

Piston  End 

17.33  MPa 

19.11  MPa 

Crank  End 

4.03  MPa 

4.444  MPa 

Table  3:  Material  Properties 


Material  Name 
and  Properties 

Al  7075  Alloy 

Al  6061  Alloy 

High  Tensile  Steel  AISI  4340 

Yield  Tensile  Strength  (MPa) 

510 

270 

730 

Ultimate  Tensile 

Strength(MPa) 

580 

310 

1080 

Modulus  of  Elasticity  (GPa) 

80 

80 

210 

Endurance  Limit  (MPa) 

160 

97 

540 

Density  (g/cm3) 

2.81 

2.7 

7.85 

Poisson’s  Ratio 

0.33 

0.33 

0.3 

Dimensions  of  Connecting  Rod:  The  dimensions  of  the  connecting  rod  for  various  materials  are  shown  in  ta- 

ble.4. 


Table  4:  Dimensions  of  the  Connecting  Rod  Subjected  to  Various  Materials 


Aluminum  7075  Alloy 

Compressive  Yield  Strength 

(ffc) 

510  MPa 

By  Rankine  formula,  FB  =  [<T(X4|/(  l+a|L/  Kxx]  2);  32346  : 

=  [510xl06xllt2]  / 

(1+0.00016  [0.1 16/1. 78t] 2);  t  =  2.5  mm 

Width 

B  =  4t 

10.000  mm 

Height 

H  =  5t 

12.500  mm 

Area 

A=  lit2 

68.750  mm2 
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Table  4:  ContcL, 

Height  near  Piston  end 

Hi  =  (0.75  to  0.9)H 

Hi  =  0.9  H 

11.250  mm 

Height  near  Crank  end 

H2  =  (l.l  to  1.25)H 
H2=  1.25  H 

15.625  mm 

Aluminum  6061  Alloy 

Compressive  yield  strength 

(ffc) 

270  MPa 

By  Rankine  formula,  FB  =  [acxA]/(l+a[L/  Kxx]  2);  32346  =  [270xl06xllt2]  / 
(1+0.00016  [0.1 16/1. 78t] 2);  t  =  3.3960  mm 

Width 

B  =4t 

13.5840  mm 

Height 

H  =  5t 

16.980  mm 

Area 

A  =  lit2 

1 26.860  mm2 

Height  near  Piston  end 

H]  =  (0.75  to  0.9)H 

Hi  =  0.9  H 

15.280  mm 

Height  near  Crank  end 

H2  =  (l.l  to  1.25)H 
H2=  1.25  H 

21.225  mm 

High  Strength  Steel  4340 

Compressive  yield  strength 

(ffc) 

730  MPa 

By  Rankine  formula,  FB  =  [acy.A]l{\+a[LI  Kxx]  2);  32346  = 

[730xl06xl  lt2]/(l+0. 00016  [0.1 16/1 ,78t] 2);  t  =  2.15  mm 

Width 

B  =4t 

8.6  mm 

Height 

H  =  5t 

10.75  mm 

Area 

A=  lit2 

50.85  mm2 

Height  near  Piston  end 

Hi  =  (0.75  to  0.9)H 

Hi  =  0.9  H 

9.675  mm 

Height  near  Crank  end 

H2  =  (l.l  to  1.25)H 
H2=  1.25  H 

13.44  m 

3.  FINITE  ELEMENT  ANALYSIS 

The  Finite  Element  Analysis  is  carried  out  with  ANSYS  15  as  a  platform  for  measuring  the  performance  of  the  con¬ 
necting  rod  that  considers  the  entire  loading  conditions.  The  study  considers  mainly  the  stress  analysis  to  calculate  the 
safety  factor  for  the  connection  rod  in  the  vehicle.  The  Finite  Element  Analysis  on  the  connecting  rod  is  carried  out  with 
tensile  test  and  compressive  load  test.  Moreover,  this  study  considers  4  different  cases,  which  are  analyzed  using  the  soft¬ 
ware.  All  the  cases  are  analyzed  with  load  applied  over  the  crank  and  restrained  at  piston  end.  Similarly  for  others,  the  load 
is  applied  at  piston  and  restrained  at  the  crank  end.  The  4  conditions  for  testing  includes:  Compressive  Load  at  Crank  End, 
Tensile  load  at  Crank  End,  Compressive  Load  at  Piston  End  and  Tensile  Load  at  Piston  End. 

The  four  cases  are  discussed  in  the  following  section  with  various  results  of  connecting  rod  as  shown  in  Figure  2  (a) 
and  (b).  Case  1:  The  Piston  End  is  made  fixed  and  the  Compressive  Load  is  applied  at  Crank  End.  Case  2:  The  Crank  End 
is  made  fixed  and  the  Compressive  Load  is  applied  at  Piston  End.  Case  3:  The  Piston  End  is  made  fixed  and  the  Tensile 
Load  is  applied  at  Crank  End.  Case  4:  The  Crank  End  is  made  fixed  and  the  Tensile  Load  is  applied  at  Piston  End. 

The  loading  conditions  of  connecting  rod  as  per  the  four  different  cases  are  shown  in  Figure  3-5.  The  results  of  von- 
mises  stress,  strain  and  total  deformation  for  case  1,  2,  3  and  4  is  shown  for  different  materials  in  Figure  3,  Figure  4  and 
Figure  5,  respectively.  The  connecting  rods  under  various  conditions  are  tested  with  the  standard  materials  like  A1  6061, 
AISI  4340  and  A1  7075. 
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Figure  2:  a)  Connecting  Rod  Model;  b)  Meshed  Model  of  Connecting  Rod 
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Figure  3:  Results  for  Material  AISI  4340 
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Figure  4:  Results  for  Material  Al  7075 
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Figure  5:  Results  for  Material  Al  6061 

4.  RESULTS  AND  DISCUSSIONS 


Here,  the  connecting  rod  is  tested  under  various  materials  based  on  different  test,  which  are  shown  below.  The  FOS 
and  the  fatigue  test  for  the  connecting  rod  under  various  materials  are  shown  in  Table. 5.  The  following  calculations  are 
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required  to  evaluate  the  measurements  of  the  rod. 


Table  5:  Measured  Value  of  Various  Material  Compositions 


Aluminum 
7075  Alloy 

Aluminum 
6061  Alloy 

AISI  4340 
Steel 

Mean  stress 

<Tn 

36.777  MPa 

36.777  MPa 

37.0143  MPa 

Yield  stress 

Ov 

36.773  MPa 

36.773  MPa 

37.0107  MPa 

Factor  of  safety 

f .  S 

3.310 

1.94 

8.4 

s.  f 

s.  f 

154  MPa 

92.66  MPa 

436  MPa 

Endurance  limit 
for  variable  axial 

stress 

tf’e 

153.6  MPa 

93.12  MPa 

518  MPa 

No.  of  cycles 

N 

1090  x  103 

1031 x 103 

6646  x  103 

The  weight  and  stiffness  measures  of  the  connecting  rod  under  various  materials  are  shown  in  Table. 6.  The  weight 
is  calculated  as  volume  x  density  and  the  stiffness  is  measured  as  weight/deformation.  With  such  calculation,  the  body 
volume  is  calculated  as  34095  mm3 

Table  6:  Weight  and  Stiffness  Measure  of  Various  Material 
Compositions  Over  Connecting  Rod 


Parameter 

Dimension 

A1 7075 

A1  6061 

AISI  4340 

Density 

2.81  g/cm3 

2.7  g/cm3 

7.85  g/cm3 

Weight 

96  grams 

92  grams 

268  grams 

Stiffness 

866  g/mm 

830  g/mm 

6336  m 

5.  CONCLUSIONS 

The  analysis  of  the  connecting  rod  to  be  placed  in  the  engine  of  two  wheelers  is  finally  constructed.  The  result  of 
the  finite  element  analysis  proves  the  betterment  of  the  design  under  various  test  cases  with  Aluminium  7075  and  6061 
alloy  and  AISI  4340  steel.  Out  of  which,  the  fourth  test  case  proved  well  in  terms  of  better  achievable  and  satisfactory 
results  under  all  loading  conditions  .  It  is  seen  that  the  equivalent  stresses  of  the  A1  6061  is  found  slightly  less  than  AISI 
4340  Steel.  The  weights  of  the  A1  6061  have  the  maximum  weights  when  compared  with  other  two  materials,  however,  the 
weight  reduction  percentage  is  achieved  around  65.7%.  The  deformation  in  standard  AISI  4340  Steel  material  is  minimum 
than  A1  7075  and  A1  6061  alloy,  tested  under  various  loading  conditions  over  the  four  test  cases.  Finally,  the  stiffness  test 
with  AISI  4340  Steel  is  6336  g/mm,  which  is  high  when  compared  with  other  A1  Alloys.  Also,  the  fatigue  cycle  calculation 
shows  that  the  standard  AISI  4340  steel  material  is  higher  than  other  A1  alloys.  However,  the  stress  associated  standard 
AISI  4340  steel  increase  slightly  with  loading  conditions.  This  proves  that  the  design  consideration  has  promising  results, 
which  proves  the  present  study  to  be  effective  for  engine  design. 
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